Introduction
============

In 2015, 193 nations committed to the United Nations sustainable development goals (SDGs), defined in *Transforming our world: the 2030 agenda for sustainable development*.[@R1] The SDGs are based on the principle of advancing equity and leaving no one behind in the process of economic, social and environmental development. The health-related targets of the SDG agenda, emphasized under SDG 3, reiterate this call for equity, with the overarching aim of ensuring healthy lives and promoting well-being for all at all ages. The SDGs require concerted efforts across diverse stakeholders within and outside the health sector to achieve improvements in the many conditions that affect health and the opportunity for health, such as poverty, gender discrimination, lack of educational opportunities, degradation of the natural environment and poor working conditions.

As countries work to improve health and its determinants in the SDG era, national monitoring of health inequalities will be a priority. Identifying health inequalities (differences in health across population subgroups) is an important part of addressing health inequities (differences in health that are deemed unfair or ethically problematic). Monitoring health inequalities helps countries to track progress towards SDG 3 and other health-related goals, and ensure that disadvantaged or hard-to-reach populations are not left behind.[@R2]^,^[@R3] Thus, health inequality monitoring generates evidence to inform equity-oriented policies, programmes and practices that align with the intersectoral nature of the SDGs.[@R4]^,^[@R5] For instance, progress towards universal health coverage -- whereby people receive the health services they need without suffering financial hardship -- requires monitoring of how essential health services are being expanded to serve the general public as well as the most disadvantaged population subgroups.[@R3]^,^[@R6]

Over the past decades, issues surrounding health inequality have gained attention in the domains of policy-making and academic research,[@R7] initially in high-income countries, but increasingly too in low- and middle-income countries. The first widespread efforts to highlight social gradients in health emerged in the 1960s and 1970s in the United Kingdom of Great Britain and Northern Ireland. For example, the longitudinal Whitehall Studies began in the late 1960s, exploring inequalities in mortality among British civil servants by employment grade.[@R8] Health inequalities gained traction in the political agendas of the 1980s and 1990s through the 1980 Black report, which was instrumental in bringing political attention, both nationally and internationally, to health inequalities in the United Kingdom.[@R9] Subsequent reports reinforced the importance of addressing health inequalities.[@R10]^,^[@R11] In particular, the final report of the Commission on Social Determinants of Health[@R12] and other initiatives that emerged in the 2000s and 2010s[@R13]^,^[@R14] brought renewed urgency to address health inequalities, now reflected in the 2030 agenda for sustainable development.[@R1]

The development of theoretical approaches and measurement techniques for health inequality monitoring largely stemmed from the fields of social epidemiology and health economics, with several key works published in the 1990s and 2000s.[@R15]^--^[@R19] Contributions from other academic disciplines, including public health and the social sciences, continue to strengthen and shape current approaches to health inequality monitoring. Approaches that were primarily developed for use in high-income countries in Europe and North America have been adapted to be applicable across diverse geographical settings and in lower-income countries.

The World Health Organization (WHO) has developed a multistep approach to monitoring health inequalities that can be applied at a national level to support SDG monitoring.[@R20] The approach can also be applied at global or subnational levels, depending on the setting of interest. The five steps include: (i) determining the scope of monitoring for a given health topic, including relevant indicators of health and appropriate criteria for subgroup disaggregation (i.e. dimensions of inequality); (ii) obtaining the requisite data; (iii) analysing the data through disaggregation and the calculation of summary measures of inequality; (iv) reporting the results of monitoring to a defined target audience, show-casing relevant technical content in an appropriate and scientifically sound manner; and (v) using the evidence generated from health inequality monitoring as an input to decision-making about priority areas for further action.

At each step of health inequality monitoring, there are multiple technical considerations that have implications for the conclusions and actions that stem from the monitoring process.[@R21]^,^[@R22] The objective of this article is to present technical considerations for measuring health inequality, corresponding to aspects of selecting relevant dimensions of inequality (step i) and measuring and categorizing dimensions of inequality appropriately; disaggregating health data; and calculating summary measures of health inequality (step iii). Other considerations related to aspects of sourcing data (step ii), reporting results (steps iv) and implementing changes (step v) are discussed briefly.

Measuring health inequalities
=============================

Selecting dimensions of inequality
----------------------------------

In the context of health inequality monitoring, a dimension of inequality refers to the broad criteria by which population subgroups are defined and health data are disaggregated. Dimensions of inequality can reflect social, economic, demographic, geographical and other characteristics by which health is unevenly distributed in a population. To give a more comprehensive picture of where health gaps exist within a population, robust health inequality monitoring involves measuring and reporting each health topic or indicator by multiple relevant dimensions of inequality.

The selection of dimensions of inequality should include those that have widespread applicability, as well as those that are specifically relevant to the population being monitored.[@R23] Stakeholders in the process should be consulted at the time of defining the monitoring framework to determine their interests and what key decisions are under consideration for particular strategies or programmes.

Under SDG 17 (strengthen the means of implementation), target 17.18 aims "to increase significantly the availability of high-quality, timely and reliable data." The target calls for data to be disaggregated by "income, gender, age, race, ethnicity, migratory status, disability, geographic location and other characteristics relevant in national contexts."[@R1] Dimensions of inequality that are relevant to most settings, such as economic status, education, sex, age and place of residence, facilitate comparisons and benchmarking across populations (see the example from Indonesia in [Box 1](#B1){ref-type="boxed-text"}).

###### Dimensions of inequality and the subgroup categories applied to health inequality monitoring in Indonesia

Economic status: quintile 1 (poorest); quintile 2; quintile 3; quintile 4; quintile 5 (richest).

Education: no education; primary school; secondary school or higher.

Occupation: employee; entrepreneur; farmer, fisherman or labourer; not working; other.

Employment status: not working; working.

Place of residence: rural; urban.

Age: \< 1 year; 1--4 years; 5--14 years; 15--24 years; 25--34 years; 35--44 years; 45--54 years; 55--64 years; 65+ years.

Sex: female; male.

Subnational region: four provinces.

Source: *State of health inequality: Indonesia*, World Health Organization, 2017.[@R24]

Depending on the setting, other dimensions of inequality may be identified to shed light on unique situations and priorities within a given population. Ideally, the selection of relevant dimensions of inequality should draw from available evidence, such as reports or research findings, and reflect the social conditions, policies and other priorities within a population. For instance, caste is a relevant dimension of inequality in India,[@R25]^,^[@R26] whereas race is particularly pertinent in the United States of America.[@R27] In several European countries, migration status is an appropriate dimension of inequality.[@R28] Another consideration when selecting relevant dimensions of inequality is the health topic or indicator. For example, a global report of inequality in childhood immunization revealed that many countries reported no difference in immunization coverage between boys and girls, whereas inequality in coverage based on maternal educational level was more pronounced. This finding suggests that maternal education may provide a strong basis for ongoing monitoring of equity in immunization coverage.[@R29] Globally, age was reported to be a probable basis for discrimination in sexual and reproductive health, with adolescent girls tending to have worse outcomes than adult women in indicators such as contraceptive use.[@R30]

Measuring dimensions of inequality
----------------------------------

Different dimensions of inequality require different methods of measurement. The measurement of economic status, for instance, may be done using a household wealth index, individual income or household expenditure. Education may be measured by the total years of education or the highest level of education attained. The choice of measurement approach should reflect the context of the population and may also be aligned to support specific strategies or programmes. For example, in high-income countries, data about individual income may be an accurate depiction of economic status, as this is typically a readily-available figure that includes most (or all) sources of income, and that varies across the population. In many low- or middle-income countries, however, informal or non-cash economies may be more prevalent, and wealth indices (e.g. of asset ownership, housing conditions or access to services) may be a more appropriate measure.[@R16] Previous analyses have demonstrated how different measures of economic status, applied to the same health data, can result in different conclusions about inequality.[@R31]

Categorizing dimensions of inequality
-------------------------------------

Categorizing dimensions of inequality entails deciding on the technical criteria that guide how a population is broken into subgroups and the number of subgroups that are formed ([Box 1](#B1){ref-type="boxed-text"}). Economic status, for example, is most commonly presented as quintiles or sometime as deciles or two subgroups above or below a defined poverty threshold. Education may be presented using established categories such as primary school, secondary school and post-secondary education. Both education and age dimensions of inequality may be presented using defined ranges (e.g. 10-year age brackets) and variable numbers of subgroup categories. The use of a larger number of subgroups facilitates the exploration of characteristic patterns of inequality across subgroups ranked by a logical ordering (e.g. gradients). However, applying a larger number of subgroups may lead to more pronounced inequality between the extreme subgroups. The use of two subgroups may be useful to illustrate inequalities based on common demarcations within a population (e.g. between the poorest 40% versus the richest 60%,[@R32] or between adolescents versus adults).

Disaggregating data
-------------------

A key step of health inequality monitoring involves breaking down the health indicator data to reflect the situation in each population subgroup, a process known as disaggregation. Disaggregated health data are useful to explore which population subgroups have a better or worse health situation and allow for the comparison of health indicator performance gaps between subgroups. In the context of the 2030 agenda for sustainable development, disaggregating data permits tracking progress in the achievement of the health targets among disadvantaged subgroups.[@R1]

The scope of disaggregation depends on the monitoring objective. Sometimes it is appropriate to disaggregate data by two or more dimensions of inequality, which permits the combined effects of different dimensions to be explored.[@R20] The double or multiple disaggregation of health data can help to identify and draw attention to disadvantaged subgroups whose situation might otherwise be masked within a larger subgroup. For instance, double-disaggregation of data by place of residence and economic status illustrates the situation in the urban poor, a subgroup that is often especially vulnerable in countries that are experiencing rapid urbanization.[@R33] In another example, in middle-income eastern European countries, double disaggregation of smoking prevalence by sex and socioeconomic status revealed opposite patterns in men (higher prevalence among the poorer) and women (higher prevalence among the richer).[@R34] SDG 5, which addresses gender inequality, supports efforts to double disaggregate by sex, on top of other factors such as place of residence, to generate more gender-sensitive data to inform approaches to improve health.

Calculating summary measures
----------------------------

Summary measures of health inequality draw from disaggregated data in two or more subgroups to yield a single number that represents inequality and are useful to make comparisons between health indicators and over time (see the example from Indonesia in [Table 1](#T1){ref-type="table"}). Broadly, summary measures of inequality reflect either absolute or relative inequality. Absolute inequality measures (e.g. difference) indicate the magnitude of difference in health between subgroups, and are easy to understand because they normally retain the same unit of measure as the health indicator. Relative inequality measures (e.g. ratio) show the proportional difference in health between subgroups, and because they are unitless they can be used to compare indicators with different units. Robust health inequality analyses involve the calculation of both absolute and relative summary measures.[@R29]^,^[@R35]

###### Summary measures of inequality applied to calculate health inequalities in Indonesia

  Summary measure                Description                                                                                                                                                                                                                                                                                                         Examples of relevant dimensions of inequality
  ------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------
  Difference                     Shows the absolute inequality between two subgroups: the mean value of a health indicator in one subgroup is subtracted from the mean value of that health indicator in another subgroup                                                                                                                            Economic status education; occupation; employment status; place of residence; age; sex; subnational region
  Ratio                          Shows the relative inequality between two subgroups: the mean value of a health indicator in one subgroup is divided by the mean value of that health indicator in another subgroup                                                                                                                                 Economic status; education; occupation; employment status; place of residence; age; sex; subnational region
  Mean difference from mean      Shows the difference, on average, of each subgroup from the population mean value; suitable for non-ordered dimensions with more than two subgroups                                                                                                                                                                 Occupation; subnational region
  Index of disparity             Shows the mean difference from the mean value (above) expressed as a percentage of the overall mean; suitable for non-ordered dimensions with more than two subgroups                                                                                                                                               Occupation; subnational region
  Slope index of inequality      Shows the absolute difference in predicted values of a health indicator between those that are the most advantaged (e.g. richest or most-educated subgroup) and those that are the most disadvantaged (e.g. the poorest or least-educated subgroup); suitable for ordered dimensions with more than two subgroups   Economic status; education
  Relative index of inequality   Shows the relative difference in predicted values of a health indicator between those that are the most advantaged (e.g. richest or most-educated subgroup) and those that are the most disadvantaged (e.g. the poorest or least-educated subgroup); suitable for ordered dimensions with more than two subgroups   Economic status; education

Note: Adapted from *State of health inequality: Indonesia*, World Health Organization, 2017.[@R24]

A preliminary key consideration in calculating summary measures is whether to calculate simple summary measures only, or both simple and complex measures. Simple measures of inequality, such as difference or ratio, make pairwise comparisons between two subgroups, and can be calculated for any dimension of inequality, regardless of the number of subgroups. If a dimension of inequality has a natural ordering, such as economic status or education level, simple measures are typically calculated based on the two extreme subgroups (e.g. between richest and poorest quintiles, or between highest and lowest educational level). If a dimension of inequality does not have a natural ordering, such as geographical area or ethnicity, simple measures may be calculated using the two subgroups with the most extreme values. In some cases, it may be appropriate to calculate simple measures between the 95th and 5th percentiles (e.g. of subnational districts) or top and bottom deciles. Another option is to select one subgroup to serve as a reference, and compare all other subgroups to the reference. For example, for the ethnicity dimension of inequality, the majority subgroup might serve as a reference group, and difference and ratio measures can be calculated for each minority subgroup.

Complex measures of inequality make use of data from all subgroups, and can be calculated for dimensions with more than two subgroups. These measures overcome certain limitations of simple summary measures because they can take into account all subgroups, and the population share that belongs to each subgroup. However, they are inherently more difficult to comprehend because they combine many pieces of information in one single number and often make use of complex calculations. There are many different complex measures of inequality, each of which has different applicability depending on the characteristics of the underlying disaggregated data.[@R23]^,^[@R36] For example, for ordered dimensions of inequality, the slope index of inequality and relative index of inequality are analogous to difference and ratio measures, respectively, and can be interpreted in a similar manner. Additionally, concentration index, a relative measure of inequality that has also absolute variant, is commonly applied in health economics to show the extent to which a health indicator is concentrated among the disadvantaged or the advantaged. For non-ordered dimensions of inequality, mean difference from mean (absolute measure) and the index of disparity (relative measure) are commonly applied. These may be calculated as weighted or unweighted measures, accounting for population share, or not, respectively. A key consideration of these non-ordered dimensions of inequality is the selection of a reference point against which the other subgroups are compared. For example, the reference point may be a selected reference subgroup, the best-performing subgroup or the national average.

Other considerations
====================

Obtaining data
--------------

When a lack of data poses limitations on a country's ability to monitor health inequality, efforts may be required to establish, strengthen or expand data collection practices. There are numerous tools available to support data collection systems. For example, household surveys, such as demographic and health surveys, multiple indicator cluster surveys and the WHO study on global ageing and adult health, are often deployed in low-resource settings to gather nationally representative data about specific health topics.[@R37]^--^[@R39] Tools that support the regular collection of data from health facilities such as District Health Information System 2 platform[@R40] and the WHO Service Availability and Readiness Assessment tool are used for routine collection of data from health facilities.[@R41] Administrative data, civil registration and vital statistics, surveillance systems and national censuses are other important sources of data for health inequality monitoring.[@R23] Data linkage can also be considered to fill in data gaps.[@R42]

Reporting results
-----------------

Regardless of its application, reporting should always be tailored to the target audience, and have a clear purpose and scope. There are special considerations, however, for health inequality reporting. A high-quality health inequality report needs to be transparent about the process of analysis and the assumptions that underlie the results and conclusions. For example, the rationale for the selection of relevant dimensions of inequality and their measurement and categorization needs to be clearly explained and justified. The presentation of numerous disaggregated data estimates and summary measures is common in health inequality monitoring reports, which may necessitate the use of figures or tables to concisely display results. The technical content of reports should provide sufficient information to give a complete and straightforward overview of health and health inequalities, enabling the reader to understand how the conclusions of the report were reached.

Implementing changes
--------------------

The results of health inequality monitoring can be applied to drive equity-oriented policies and programmes.[@R43] Health inequality monitoring brings awareness as to how different subgroups of the population experience health, and can help to expose forms of disadvantage.[@R44] Thus, implementing equity-oriented change may require action across both the health and non-health sectors and involve multiple stakeholders. The results of health inequality monitoring may serve as a basis for further investigation to determine the root causes of inequity and feasible approaches to address them.

Conclusion
==========

High-quality data that can be disaggregated and are timely, transparent and useable are key for the promotion of sustainable development.[@R45] The technical aspects of measuring health inequalities warrant due consideration to ensure that monitoring is relevant to the underlying population, and that conclusions are based on sound, transparent analysis.
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